Background. Stress has damaging effects on individual's health. However, information about the long-term consequences of mental stress is scarce.
S
TRESS is defined as a psychological reaction, which is perceived when a person feels that he cannot adequately cope with the demands being made on him or with threats to his well-being (1, 2) . If coping for stress is effective, stress is likely to remain under control. However, stress may also have damaging effects on individual's health, if coping for stress is ineffective. Manifestation of stress has traditionally been described as a relatively uniform entity with rather consistent symptoms, and individual differences in stress symptoms have not been taken into account. For example, mental stress reactions can manifest as mental exhaustion, depression, anxiety, memory problems, somatic symptoms, and sleep-related disturbances (3, 4) . Such symptoms decrease the quality of life and life satisfaction (5) . It has been estimated that in Europe, nearly 30% of adult workers suffer from stress, which is related to work (6) .
Previous studies have shown that experience of stress is strongly associated with poor health. Stress increases heart rate and blood pressure levels (7) and the risk for cardiovascular diseases (8) and diabetes (9) . There is also some evidence that stress symptoms may contribute to the development of musculoskeletal disease (10) . However, information about the long-term consequences of mental stress is scarce. It is possible that stress accelerates the deterioration of health and results in maladaptive life trajectories with unhealthy lifestyle, all of which may expedite the progression of disabilities. Currently, only few longitudinal studies have examined the role of psychosocial symptoms, such as midlife depression, other aspects of mental health, and sleeping problems on later life functioning (11) (12) (13) (14) (15) , and most of these studies have utilized relatively short follow-up times.
The Finnish Longitudinal Study of Municipal Employees, with 28-year follow-up data, provides a unique opportunity to assess the early psychosocial and work-related determinants of functional decline. The aims of this study were twofold. First, we identified stress symptom profiles among public sector employees. Second, we examined the different stress profiles as predictors of physical functioning in old age. We hypothesized that perceived stress symptoms indicate decompensation of individual functioning relative to environmental demands, which may later lead to disability.
Methods

Participants
The data for this study was taken from the Finnish Longitudinal Study on Municipal Employees, which was initiated by the Finnish Institute of Occupational Health and targeted to 7,344 individuals aged 44-58 years at baseline in 1981. The main purpose of the Finnish Longitudinal Study on Municipal Employees study was to assess health, work ability, and working conditions among occupationally active individuals working in the public sector. The baseline data, collected with postal questionnaires, consisted of 6,257 persons. Four-year follow-up data were collected similarly in 1985 (n = 5,556) (16) . The study population, including persons who had information about perceived stress symptoms in 1981 and 1985, consisted of 5,519 persons (3,141 women and 2,378 men).
The study population was followed up for mortality between January 1, 1981 and July 31, 2009 . Mortality data were obtained from the Finnish National Population Register. During the 28-year follow-up, 2,079 (37.7%) of the baseline respondents died. In 2009, information about disability and mobility, gathered by postal questionnaires, was available for 2,994 baseline respondents (87% of survivors). The study was approved by the Ethical Committee of the Finnish Institute of Occupational Health.
Measures
Perceived stress symptoms.-Self-reported stress symptoms were assessed at baseline in 1981 and 4 years later in 1985 (17, 18) . The items in the questionnaire were stomach pain, chest pain, dizziness, depression, anxiety, inability to enjoy daily life, difficulties in falling asleep after awakenings, difficulty remembering, remembering requires effort, blackouts, lack of energy and vitality, nervousness, gloomy outlook for the future, general reluctance, urge to stay home instead of going to work, and inclination to be off work without reason. The frequencies of these symptoms were assessed with a 5-point Likert-type scale, with the options "never," "quite rarely," "occasionally," "quite often," and "very often." Additionally, ease of falling asleep was assessed with a 5-point scale with the options "very easy," "quite easy," "not easy but not difficult," "quite difficult," and "very difficult." Continuity of sleep was assessed with the response options "I don't usually wake up in the middle of the night," "I wake up once a night," "I wake up two times a night," "I wake up three to four times a night," and "I have broken nights."
Outcome variables.-The activities of daily living (ADL) and instrumental activities of daily living (IADL) questionnaires were used to assess participants' disability in 2009, 28 years post baseline. ADL disability was assessed for feeding, bathing, dressing, toileting, and transferring to and from bed (19) . IADL disability was assessed for preparing meals, doing laundry, shopping, coping with light housework, administering and taking medication, using the telephone, and handling finances (20) . For ADL and IADL disabilities, the response options (scores = 0-4) were as follows: able to perform the task without any difficulty, able to perform the task with some difficulties, require help in performing the task, or unable to perform the tasks even when assisted. The sum scores of ADL (range = 0-20) and IADL (range = 0-28) were used as outcomes, higher score indicating more severe disability. Additionally, if a person reported at least some difficulty in walking 2 km (1.2 miles), he or she was considered to have mobility limitation.
Baseline covariates.-Baseline characteristics were assessed using questionnaires. Occupational status (blue collar, eg, maintenance work, home care, cleaning, nursing assistant; lower white collar, eg, transport work, dental care, nursing; and upper white collar, eg, administrator, physician, teacher) was defined as the participants' position of employment at baseline (21) . Also elicited at baseline were smoking status (smoker vs nonsmoker), alcohol consumption (never, ≤ 2 drinks per month, or ≥ 1 drink per week), physical activity during the previous year (very active, ie, vigorous activity at least once a weak; moderately active, ie, at least some physical activity once a week; or inactive, ie, at least some physical activity less than once a week), self-reported physician-diagnosed chronic conditions, which included mental disorders (mild or severe problems with mental health), metabolic diseases (diabetes, struma, or other metabolic disease), respiratory diseases (recurrent or chronic infections, asthma, or other lung disease), heart and circulatory diseases (hypertension, heart infarct, angina pectoris, heart failure, or other heart or circulatory disease) and musculoskeletal diseases (osteoarthritis, rheumatoid arthritis, ischias, or other musculoskeletal disease), selfrated health (better vs worse than age peers), perceived economic situation of the family (good, satisfactory, or poor), and body mass index (self-reported weight divided by height in meters squared).
Statistical Analysis
Stress symptoms according to the occupation status and the baseline characteristics of men and women according to disability in the 28-year follow-up are reported in mean values and standard deviations for continues variables and percentage distributions for categorical variables. Statistical differences were tested with independent samples t test for continuous variables and with chi-square tests for categorical variables.
For the baseline data collected in 1981, principal component analysis with promax rotation was used for exploration, data reduction, and differentiation into stress symptom profiles. Of the initial 18 stress variables, this procedure resulted in four interpretable stress profiles, explaining 59% of the variance in stress scores, with communalities ranging from 0.46 to 0.79. To be included in a final stress profile, a variable needed to have a loading of greater than or equal to 0.4. For each profile, a profile score was calculated by summing the responses (range = 0-4) for each variable belonging to that profile. "Negative reactions to work and depressiveness" included the following variables: urge to stay home instead of going to work, lack of energy and vitality, inability to enjoy daily life, inclination to be off work without reason, general reluctance, gloomy outlook for the future, and depression (range = 0-28 with higher scores indicating more stress). "Perceived decrease in cognition" included the following variables: difficulties remembering, remembering requires effort and blackouts (range = 0-12). "Sleep disturbances" included the following variables: difficulty falling asleep, several awakenings during the night, and difficulty falling asleep after awakenings (range = 0-12). "Somatic symptoms" included the following variables: chest pain, stomach ache, and dizziness (range = 0-12). Anxiety and nervousness were not included in the profiles because their loading values were less than 0.4 (Table 3 ). For the 1985 data, stress profile scores were calculated as for the baseline data. Available stress profile information was used in imputing missing values for individual stress variables. If information for less than 35% of the variables belonging to the profile was missing, then the missing values were replaced with the mean value of the existing variables in that profile. We were able to impute values for 81 persons in 1981 and 58 persons in 1985.
For each stress profile, the following categorization was done. Those whose stress score was in the lowest tertile in 1981 and 1985 were categorized as having no stress symptoms (reference), those whose score was in the highest tertile in 1981 and 1985 were categorized as having constant stress symptoms, whereas all others were considered to have occasional stress symptoms.
We found that the interaction between gender and "sleep disturbances" in terms of mobility decline was statistically significant (p = .034). Therefore, we decided to show all the results separately for men and women, although other differences between the associations were minor. We used Cox regression models to assess death as competing risk. The regression coefficient estimates for ADL and IADL disability scores were estimated using leftcensored regression models. The ADL and IADL disability score distributions had a large cluster at the zero value because the instrument contained activity items that were mastered without difficulties by many of the participants. We thus applied left-censored regression (Tobit) models for these variables. The censored regression models are commonly applied for these types of distributions (22, 23) (see also Kooreman [1994; 24] for an application in the medical context) because they comprehensively utilize information from the score variables. The odds ratios and 95% confidence intervals for mobility limitation were estimated using logistic regression. The censored regression modelling was conducted in the R programming environment version 2.12.2 (2011) using package censReg (25) . Other modelling was performed using SPSS Statistics 19 software. p values of less than .05 were considered statistically significant.
Results
Participants' age at baseline ranged from 44 to 58 years with a mean age of 50 years (SD = 3.6), and 57% were women. In total, 22% of women and 20% of men were in upper white-collar occupations and 26% of women and 69% of men were in blue-collar occupations. The proportions of participants reporting no stress symptoms in midlife ranged between 22% and 29%, whereas the proportions of those with constant stress symptoms ranged between 14% and 23%, depending on the stress profile. Table 1 shows the proportions of persons with constant stress symptoms by occupational status.
Altogether 87% of the loss to the follow-up was due to mortality. Those who died were older at baseline (mean = 51.7, SE = 0.1 vs mean = 49.9, SE = 0.1, p < .001), more often men (61% vs 37%, p < .001), smokers (33% vs 13%, p < .001), or blue collars (69% vs 57%, p < .001), and they had more chronic diseases compared with the participants. Nonparticipants reported more constant symptoms in "negative reactions to work and depressiveness" (25% vs 19%, p < .001), "sleep disturbances" (25% vs 21%, p < .001), and "somatic symptoms" (28% vs 21%, p < .001) in midlife. Cox regression models showed that constantly experiencing the factor " negative reactions to work and depressiveness" was associated with a 25% increased age-adjusted risk for all-cause mortality in women. Among men constantly experiencing "sleep disturbances" and both occasional and constant "somatic symptoms," mortality risk increased by 27%-58%. In the fully adjusted Cox regression models, slight associations between stress symptoms and mortality were observed (3%-15%), but they were no longer significant. The other stress symptoms did not increase the mortality risk. Therefore, we concluded that mortality was not a meaningful competing risk for disability and omitted it from the further analyses.
At follow-up in 2009, 13% of women had at least minor difficulties in ADLs (sum score more than 0) and 20% had at least minor difficulties in IADLs. Among men, the corresponding proportions were 11% and 21%. The mean ADL and IADL scores among women were 0.8 (SD = 2.2) and 2.0 (SD = 4.7). Among men, the corresponding means were 0.9 (SD = 2.3) and 3.3 (SD = 5.9), respectively. Mobility limitation was present among 26% of women and 17% of men. The baseline characteristics of participants with subsequent ADL disability are shown in Table 2 . Those with ADL disability in old age more often had chronic diseases in midlife. Additionally, physical inactivity, higher body mass index, smoking, alcohol consumption, bluecollar employment status, and poor economic situation of the family were associated with higher incidence of ADL disability. Similar associations were found for IADL disability and mobility limitation. We observed a clear gradient of increasing risk estimates for ADL and IADL disability severity as well as mobility limitation with increasing intensity and continuity of stress symptoms in midlife (Table 4) . The left-censored and logistic regression models adjusted for age, physical activity, body mass index, smoking, alcohol intake, chronic conditions, occupational group, and family's economic situation indicated that in comparison with the participants with no midlife stress symptoms, those with constant stress symptoms had 1-4 units higher ADL and IADL disability scores and 2-3 times higher risk for mobility limitation in old age. Higher disability scores and risk of mobility decline among those with occasional stress were also observed compared with those with no stress symptoms. However, these values did not all reach statistical significance.
Finally, we examined the effect of the accumulation of stress symptoms. Only 3% had constant stress symptoms in all four profiles. The results indicated that coexisting stress profiles had an additive affect on disability severity. For ADL disability, every additional constant stress profile in midlife increased the ADL disability score by 0.69 units (95% CI: 0.32-1.06) among women and 0.69 units (95% CI: 0.25-1.12) among men. The corresponding estimates for IADL disability among women and men were 1.10 (95% CI: 0.59-1.60) and 0.66 (95% CI: 0.01-1.30), respectively.
Discussion
Our study provides strong evidence that perceived stress symptoms predicted functional limitations and disability almost 30 years later among an occupationally active cohort of middle-aged women and men working in the public sector. Those with more severe ADL disability, IADL disability, or mobility limitation in 2009 reported more constant stress symptoms in midlife than those with less disability in old age. Occasional stress symptoms also increased the severity of disability but less than constant symptoms. In general, the associations between midlife stress and old age outcomes were parallel in both genders but more pronounced among women. Among women, all of the risk estimates reached statistical significance but among men some did not. Higher mortality among men and higher disability prevalence among women may explain this difference.
The cross-sectional association between stress and daily functioning has been acknowledged (26) . It is clear that when a person is experiencing depression, problems with remembering, tiredness because of sleeping problems, or physical pain, daily functioning deteriorates. If stress symptoms track over the life span, this association is also seen in old age. Stress symptoms are also associated with several forms of morbidity (8, 27) , which ultimately affect health and functional capacity. In this study, the longitudinal association between stress and disability was partly explained by chronic conditions and maladaptive lifestyle. Perceived depression showed high loading to "negative reactions to work and depressiveness" but not to the other principal components. We also adjusted all regression models for mental problems, and the sensitivity analyses excluding persons with mental disorders did not change the results. However, the possibility that subthreshold symptoms of depression may still represent an alternative explanation of the findings cannot be completely ruled out. Stress can affect human physical functioning also through biochemical pathways. Stress may lead to elevated levels of cortisol and insulin as well as suppression of certain anabolic steroids (28) . Chronic activation of stress responses may result in the "wear and tear" of the human body and organ compartments thus contribute to risk of old age disabilities. In this study, the association between midlife stress symptoms and mortality was explained by higher prevalence of chronic diseases, but the association between stress symptoms and disabilities was not affected by such adjustment. It is possible that mechanisms underlying the association of stress and physical disability are at least in part different from those underlying stress and mortality.
In this study, we were able to identify four midlife stress profiles: "negative reactions to work and depressiveness," "perceived decrease in cognition," "sleep disturbances," and "somatic symptoms." We assume that all stress profiles are related to work. First of all, the main purpose of the study was to assess work ability and work-related determinants of health, and the participants were aware of this purpose and were advised to consider their responses from this perspective. Second, "negative reactions to work and depressiveness" included direct information about work-related † Left-censored regression models adjusted for age, physical activity, body mass index, smoking status, alcohol intake, musculoskeletal diseases, heart and circulatory diseases, respiratory diseases, mental disorders, metabolic diseases, occupational group, and family's economic situation.
‡ Logistic regression models adjusted for age, physical activity, body mass index, smoking status, alcohol intake, musculoskeletal diseases, heart and circulatory diseases, respiratory diseases, mental disorders, metabolic diseases, occupational group, and family's economic situation. § Statistical difference < .05.
symptoms and showed high correlations with the other stress profiles, which suggests that the other reported symptoms may also be related to work stress. Third, the other profiles included symptoms that may also be related to somatic diseases or unhealthy lifestyle, but we adjusted the models for baseline chronic conditions and lifestyle factors, and consequently, the reported associations between midlife stress symptoms and old age disability are not explained by worse health and higher prevalence of unhealthy lifestyle among those with more stress symptoms. Fourth, the proportion of persons experiencing constant stress in the total study population and the fact that all kind of constant stress was most common among blue-collar employees are in line with previous findings (29) . Stress has traditionally been described as a relatively uniform entity in all individuals, with more or less consistent symptoms, although in clinical practice, the diversity of perceived stress has been acknowledged. This study showed that the dominant symptoms may vary between people. Different profiles of clinical burnout, which are partly comparable with our results, have been introduced including the "worn-out" type, wherein a person gives up, feels exhausted, irritable, tired, and apathetic; the "frenetic" type, wherein a person begins to work increasingly hard to the point of exhaustion in the face of stress and suffers, for example, from sleeping problems; and the "underchallenged" type, wherein a person with burnout feels cynical, unmotivated, and sad (30) . For example, gender, having children, education, numbers of hours worked per week, type of occupation and work contract, and close relationships are the factors in the configuration of certain burnout profiles (31) . It is possible that differences in these factors also predispose persons to different stress profiles. Different types of stress symptoms may be preclinical stages of different types of clinical burnout. Identifying persons with different types of stress symptoms may be a useful tool for the design and appraisal of specific preventive and treatment approaches based on the type of stress experienced.
The results obtained in this study offer targets for interventions aimed at preventing the decline of physical functioning and promoting healthy aging. Previous studies have reported that the predictors of the incidence of work-related stress include high job demands, low job control, high effort-reward imbalance, relationship conflicts, and poor physical conditions in the workplace (32, 33) . Intervention programs consisting of identification of relevant workplace stressors, changing participants' workload and tasks, physical exercise, and psychiatric evaluation are effective in treating stress (34) . Attention should also be paid to workplace safety, interpersonal conflicts, and management practices (33) .
This study has several strengths. We had follow-up data for almost 30 years for a large number of participants, and we were able to identify persons with occasional and longterm stress symptoms by utilizing responses obtained in two separate data collection waves 4 years apart. The outcomes measures, perceived disability, and impaired mobility are important indicators of the everyday health and functioning of the older population. These outcomes are general measures of physical functioning and have good face validity. They do not measure maximal physical functioning, as do standardized laboratory measures, but are important, for example, when assessing need for health care and for assistance in daily life.
A few limitations of the study should also be noted. Baseline disability data were not available to allow for the exclusion of all participants with mobility limitations or ADL or IADL disability. Our participants were occupationally active, and therefore, it is likely that the baseline cohort contained very few disabled individuals. The prevalence of severe disabilities typically increases only after 70 years (35) . It should also be noted that although dropout due to causes other than death was relatively small, it may have affected the results because persons with poor health and more stress symptoms dropped out of the study between the two baseline measurement points and also during the 28-year follow-up. This could have resulted in a healthy worker effect, meaning that those who remain in the profession, and also in the study, tend to be healthier than those who drop out, consequently causing underestimation of the risks. Additionally, mortality as a modest competing risk event may have weakened the association between stress and disabilities. We had only one assessment for old age disabilities. Consequently, we are unable to take into account potential fluctuations in disability, that is, some people may have had disability and recovered, whereas others who have disability at the follow-up may recover later. We do not have information about potential health trajectories leading from stress in midlife to disability in old age, which should be the topic for future studies. It is also worth noting that all data are based on selfreports, which may make it vulnerable to reporting bias, that is, some people may emphasize negative aspects in all their responses, whereas others emphasize more positive aspects. We attempted to rule out reporting bias by comparing the stress profile scores between responses to the following question: "Does your spouse have any diseases or disabilities, which significantly affect his or her functional capacity or working ability?" The stress profile scores did not differ according to presence of spouse's health problems. Consequently, we do not believe that reporting bias could completely explain the associations observed in this study. In future studies, more objective performance-based tests of disability and functional limitations are needed to confirm the found associations.
Owing to stress-related disorders, numerous working days are lost. This study showed that in the long term, stress increases the likelihood of functional decline in old age. This phenomenon presents an enormous challenge and therefore should be better understood. 
